The solid lines are the annual average global yields from 1961 to 2013 then projected forward to 2050; the broken lines are the projected demand for cassava (red), rice (pink), and wheat (blue) .
Source: Long et al . 2015 . One genetic engineering strategy to increase crop yields, towards which my research contributes, aims to improve the efficiency of photosynthesis in C 3 plants, a number of which are important crops, such as rice and wheat. C 3 plants have a suboptimal photosynthetic CO 2 fixation rate. This is primarily due to the inefficiencies of the major CO 2 -fixing enzyme, Ribulose-1,5-bisphosphate carboxylase/oxygenase (RuBisCO) (Whitney et al. 2011; Raven et al. 2012 ). In addition, C 3 plants suffer a CO 2 drawdown from the ambient air (380 ppm CO 2 , measured in 2009) to the chloroplast stroma (typically ~190 ppm CO 2 ), because of diffusive resistance through stomata, cell wall, cytoplasm and chloroplast membrane to chloroplast stroma (Evans et al. 2009 ).
It has been proposed that C 3 photosynthesis could be improved by integrating components of the CO 2 -concentrating mechanism (CCM) (Figure 2 ) from photosynthetic cyanobacteria (also known as blue-green algae) into the chloroplasts in mesophyll cells . The cyanobacterial CCM is a collection of adaptations that enable cyanobacteria to photosynthesise efficiently.
The first step in the proposed genetic engineering strategy to improve the efficiency of photosynthesis in C 3 crops would be to add sodium-dependent bicarbonate transporter A (SbtA) from the cyanobacterial CCM into the chloroplast inner envelope in C 3 plants ( Figure 3 ) . The primary objective of this step is to reduce the diffusive CO 2 drawdown from the sub-stomatal space to the chloroplast stroma. Modelling indicates that a 5-15 per cent improvement in photosynthetic CO 2 fixation rate at constant sub-stomatal levels is theoretically feasible from this modification (McGrath & Long 2014 The main components of the cyanobacterial CO 2 -concentrating mechanism (CCM) from photosynthetic cyanobacteria (also known as blue-green algae) to be integrated into the chloroplasts of C 3 plants .
(1) A series of active C i uptake systems, including three HCO 3 -transporters and two active CO 2 uptake systems. SbtA is a high-affinity, low-flux Na + / HCO 3 -symporter (Price et al . 2004 ) . BicA is a medium-to-low-affinity, high-flux Na + -dependent HCO 3 -transporter (Price and Howitt 2011) . BCT1 is a complex, high-affinity HCO 3 -transporter (Omata et al . 1999) . NDH-I 3 and NDH-I 4 are active CO 2 systems (Price et al . 2002) . There are also Na + /H + antiporters and primary proton pumps in the plasma membrane . (2) The carboxysomes, which are bacterial microcompartments that contain carbonic anhydrase (CA) and Ribulose-1,5-bisphosphate carboxylase/oxygenase (RuBisCO) (Rae et al . 2013) . For the first phase of the proposed genetic engineering strategy to be successful, SbtA not only needs to be active in chloroplasts, but also ideally able to be controlled by manipulation of its regulatory systems. Therefore, an understanding of the regulation of SbtA is essential. SbtB, a small, soluble protein, is an inhibitor of SbtA via their direct interaction (SbtA-SbtB) (Du et al. 2014) . It is hypothesised that SbtB acts as a 'curfew' protein to inactivate SbtA in the dark, to prevent wasteful uptake and toxic leakage of Na + into the cyanobacterial cell. It is unknown precisely how SbtA and SbtB interact or whether post-translational modifications or allosteric regulations mediate the regulatory activity of SbtB.
My research aimed to elucidate a greater understanding of the regulation of SbtA by SbtB inhibitor protein. I aimed to determine the potential role of small effector molecules and potential phosphorylation sites of SbtB residues in mediating the regulatory activity of SbtB in SbtA-SbtB. Specifically, I investigated SbtA and SbtB from Cyanobium sp. 7001. The potential role of effectors in mediating the regulatory activity of SbtB was investigated by conducting in vitro SbtA-SbtB binding assays using immobilised metal affinity chromatography (IMAC) with effectors and immunological detection. From a list of several possible effectors, we are currently building up evidence that a key effector regulates SbtA-SbtB (pers. comm. Bratati Mukherjee). The potential role of putative phosphorylation of SbtB residues in mediating the regulatory activity of SbtB was investigated by conducting 14 C-labelled HCO 3 -uptake assays and in vitro SbtA-SbtB binding assays using SbtB phosphorylation mimic mutants. It was found that substituting a glutamic acid at a key threonine residue in SbtB reduced the SbtA-SbtB interaction.
Further research is currently underway to further elucidate the regulation of SbtA so that SbtA can be controlled by manipulation of its regulatory systems when transplanted into key crop plants to improve photosynthesis efficiency and, in turn, yield. 
